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CHAPTER 8. ISOLATION AND IDENTIFICATION OF LISTERIA MONOCYTOGENES
FROM RED MEAT, POULTRY, EGG AND ENVIRONMENTAL SAMPLES
(Revision 2; 11/08/99)

L. Victor Cook
8.1 Introduction
Listeria monocytogenes is a grampositive rod-shaped bacterium

associated wth a variety of environnents including soils, water,
sewage, silage, as well as plant and ani mal food products. Although

reported cases of human foodborne listeriosis are rare, the
i ncidence of serious illness and death in affected individuals is
hi gh. I mmunoconprom sed i ndividual s, pregnant wonen, neonates and

the elderly are particularly vul nerabl e.

Among all species in the genus Listeria, only L. monocytogenes has
been inplicated in human foodborne illness. The nethod descri bed
bel ow enpl oys well-established nedia and tests for the isolation
and specific identification of p-henolytic L. monocytogenes. The
method is broadly applicable to raw and cooked ready-to-eat red
meat and poultry products, including egg products. This protoco
supercedes previous USDA/FSIS protocols for L. monocytogenes,
i ncluding M.G Chapter 8, Revision 1 (1/12/99).

8.2 Equipment, Supplies, Media and Reagents
8.21 Equipment

a. El ectronic top-loading balance capable of weighing a
mninmumof 25 + 0.1 g (500 g capability recomrended)

b. Stomacher® (nodel 400 by Tekmar, or conparable nodel),

CR bl ade-type bl ender, sterilized blender cutting

assenblies and jars

| ncubator, 30 £ 2°C

| ncubator, 35 £ 2°C

| ncubator, 20 or 25 + 2°C

Vortex m xer

Phase- contrast m croscope (40X and 100X obj ecti ves)

Fl uorescent desk |lanp or natural spectrumlight source

*
*

SQ e a0

8.22 Supplies
a. Supplies for all samples:
i Sterile sanple preparation supplies: scalpels

chi sel s, kni ves, sci ssors, spat ul as, f or ceps,
di sposabl e or reusabl e di shes, pans or trays
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8.23 Media

Vi .
vii.
viii.
I X.

St omacher? Strainer 400° sterile filter bags or non-
filtered bags or equival ent

Non-filter plastic bags for double-bagging sanple
honogenat es (optional)

Pipets (e.g. 1 nm)

Pipettor and sterile disposable tips for dispensing
100 i

M croscope slides, cover slips and i nmersion oi

D sposable plastic and/or platinum inoculating
needl es and | oops

Wax or waterproof ink marker

Sterile cotton-tipped applicators (i.e. swabs)

Additional supplies necessary for environmental
sampling:

0. 45- i hydr ophobi c grid nenbrane filter

system(e.g. SELeCT 56 nm 100-m 0. 45- npm Moni t or,
cat# BPWMB261, BioPath Inc., 2611 Mercer Ave., W
Pal m Beach, FL 33401, 800-645-2302, fax=407-655-
3361 or equival ent)

Vacuum f | ask/ hose and vacuum source

Sterile disposable scal pel s

Sterile forceps

Non- bacterici dal sanpling sponges (e.g. Nasco cat#
BO1299WA or equi val ent)

Refer to Listeria Medi a Appendi x for Chapter 8, Revision 2
(11/08/99) for fornulations and preparation instructions.

a.

Media required for enrichment, plating and preliminary
confirmation tests

V.

Vi .

Modified University of Vernont broth (UYM also
known as UVML)

Fraser broth (FB) or Fraser broth mnus ferric
amoniumcitrate (FB-Fe)

Modi fied Oxford agar (MOX)

Horse bl ood overlay agar (HL, al so known as HBO
Trypticase soy agar with 5% sheep blood (TS SBA,
al so known as CAMP test agar)

Brain heart infusion broth (BH broth)
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Additional media for environmental samples

i Dey-Engley (D/E) neutralizing broth (e.g. Nasco
cat# BO1256WA or equi val ent)

ii. Listeria Repair Broth (LRB)

Optional media

i Trypti case Soy Agar-Yeast Extract (TSA-YE)

8.24 Reagents and test systems

a.

b.

Reagents and materials required for routine tests

i b-lysin CAWP factor discs (Renmel #21-120) or
equi val ent .

ii. Biochemical test panel (MCROID' Listeria, api?-
Listeria system or equival ent)

Reagents for supplemental tests

i R bosomal RNA-based test system (i.e. GenProbe
Accuprobe® L. monocytogenes-specific test, GeneTrak®

L. monocytogenes-specific test, or equival ent)
ii. Polyvalent Listeria antisera (D fco),types 1 and 4

8.25 Cultures

a.

At |east one L. monocytogenes positive control strain is
required. Appropriate cultures include ATCC 19111, NCTC
7973 or other L. monocytogenes cultures validated to
performin an equi val ent nmanner.

At least one L. innocua negative control culture is
required. Appropriate cultures include ATCC 33090 or
other L. innocua validated to perform in an equival ent
nmanner .

Q her Listeria spp., such as L. seeligeri, L. grayi and
L. ivanovii, nmay be necessary as supplenental negative
controls for sone tests in some circunstances.

If the p-lysin CAMP factor test is not enployed
Staphylococcus aureus ATCC 25923 or ATCC 49444, and

Rhodococcus equi ATCC 6939 are required to perform the
traditional test.
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8.3 Detection and isolation procedures

8.31 Sample preparation (DAY 1 or prior)

a. Meat, poultry and egg products: A 25 + 1.0-g portion
is used for raw and processed red neat, poultry and egg
product testing. The test portion should be a conposite
representative of the entire sanple or avail abl e sanpl es

common to a specific lot.

i Intact retail packages mnmust be disinfected at
incision sites imediately prior to incision for
sanpl i ng. Appropriate disinfectants include but
are not limted to ca. 3% hydrogen peroxide,
70% et hanol or ca. 70% i sopropanol. If the package
does not appear to be clean, scrub gently using
soapy water and rinse thoroughly prior
disinfection. A sterile scal pel may be hel pful
cutting the packaging. Aseptically pul
packagi ng away to expose the product for sanpling.

ii. UWsing a sterile scalpel, knife, spoon,

chi sel

other tool, cut small pieces from representative

sites on the sanple and/or a variety of
sanples to prepare a conposite sanpl e.

sane- | ot

iii. Place 25 + 1.0-g of the conposite sanple

sterile St omacher bag (i.e. filter
recommended). |If necessary, double-bag with a non-
filter bag prior to stomaching (e.g. zip-lock bag).

iv. If analysis of the test portion is not

initiated within 1 h, store at -20 to -30°C. Do not
dilute the sanple until ready to initiate analysis.

V. For anal ysis, proceed to Section 8. 32.

b. Outbreak/recall samples: Sone sanples or sanple

particularly those inplicated in foodborne

out breaks, may require analysis of up to thirteen 25-g
test portions. The test portion should be a conposite
representative of the entire sanple or avail abl e sanpl es

coomon to a specific |lot. The need for

mul tiple

subsanpl e anal yses nust be determned on a case-by-case

basi s.

8.32 Primary enrichment in UVM broth (DAY 1, REQUIRED)

8-4



USDA/FSIS Microbiology Laboratory Guidebook 3rd Edition/1998

Refer to Diagram 1 for a flow diagram of the L. monocytogenes
procedure fromenrichnment to confirmation

a. For all meat, poultry and egg product samples (including
outbreak/recall samples):

To the 25 + 1.0 g test portion, dispense 225 + 5 m (or
225 + 5 g) of UWM broth. Stomach or blend for 2 + 0.2
m nut es. | f bl ended, aseptically transfer t he
honogenate to an appropriate sterile container. |ncubate
the honogenate at 30 + 2°C for 22 + 2 h. Proceed to
Section 8. 33.

b. For environmental sponge samples:

For sampling: Prior to sanpling and shipnment to the

| aboratory, add 10 + 1 ml of Dey-Engley Neutralization
Broth (DDE) to the bagged sponge and all ow conpl ete
absorption. After sanpling, re-bag the sponge in a
sterile Wirl-Pak?® bag or equivalent. |If enrichnent in
both U/M and LRB is desired, collect tw sponge sanpl es
per site. Ship sponge sanples cold to the | aboratory
by an overni ght service.

For laboratory analysis: Add 200 + 5 nl of U/Mbroth to
each bagged sponge sanple and stomach 2 + 0.2 mn.
Optionally, a second sanple representing the sane or
simlar environnmental area can be enriched using LRB

broth. If LRBis to be enployed, add 200 + 5 mMl of LRB
broth to the second bagged sponge sanple and stomach 2

+ 0.2 mn.

| ncubate at 30 + 2°C for 22 + 2 h. Proceed to Section
8. 33.

NOTE: The use of LRB for duplicate sanples may, in
sone circunstances, encourage the growh of L.

monocytogenes injured due to exposure to
sanitizer residues on environnental surfaces
(Sall am and Donnel Iy, 1991).
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For environmental aqueous chilling solutions and surface
rinse solutions:

Aqueous chilling solutions may include water, brine and
propyl ene gl ycol solutions.

i Filter an appropriate volume (100 + 2 n
recoomended if available) of sanple solution

through one or nore 0.45-pmm hydrophobic grid
menbrane filters. These filters can be easily
cl ogged by particul ates. Therefore, nore than one
may be necessary to filter the entire test
portion. Pre-sieving may renove a significant
nunber of Listeria cells from the sanple and
shoul d be applied only if absolutely necessary.

ii. Using sterile forceps, aseptically renove the
menbrane fromthe plastic housing and transfer to
a stomacher bag. A sterile scal pel my be used to
cut around the circunference of the hydrophobic
grid nmenbrane to excise it fromthe filter housing

(e.g. SELeCT® system). All nenbranes associ ated
with a given sanple may be conbined in a single
enri chnment bag.

iii. Add 200 + 5 m or additional volunme of UVM broth
sufficient to conpletely cover the filters.

Stomach 2 + 0.2 mnutes. |ncubate the honbgenate
at 30 + 2°C for 22 + 2 h. Proceed to Section 8. 33.

8.33 Secondary enrichment in FB and direct plating of UVM (DAY 2,

REQUIRED)

a. Transfer 0.1 + 0.02 m of the UWMenrichment to 10 + 0.5
m of FB. As per nedia preparation instructions, be
sure that appropriate supplenents have been added to the
FB prior to inoculation. | ncubate inoculated FB tubes

at 35 + 2°C for 26 = 2 h.

If an alternative screening test is to be enployed, FB-
Fe (i.e. FB without ferric amoniumcitrate) may be used
instead of FB (Section 8.35). | ncubate the FB-Fe or FB
for the period specified by the alternative screening
test system manufacturer (refer to Section 8.35) but no
| ess than 20 h.

Aseptically dip a sterile cotton-tipped applicator or
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equivalent into the U/WM and swab 25-50% of the surface
of a MOX plate. Use a loop to streak for isolation from
the swabbed area onto the remainder of the plate.

| ncubate the MOX at 35 + 2°C for a m ni numof 24 h.
Proceed to Section 8. 34.
NOTE: Direct plating of UYM should be perforned

regardl ess of whether an alternative screening
procedure is to be appli ed.

8.34 Examination of UVM-streaked MOX and interpretation/plating of
26-h FB (DAY 3, REQUIRED)

a.

Examne the WMstreaked MOX for colonies wth
nor phol ogy typical of Listeria spp. At ca. 24 h,
suspect colonies are typically small (ca. 1 nm) and are
surrounded by a zone of darkening due to esculin
hydr ol ysi s.

i | f suspect colonies are present on MOX transfer
suspect colonies to HL agar as described in Section
8.37. Then, proceed to step b bel ow.

ii. If no suspect colonies are evident, re-incubate the

MOX plate until a total incubation tinme of 48 + 2 h
has been achieved. If an alternative screening
procedure has been enployed (Section 8.35), refer
to Step 8.35-¢c to determne the appropriate
interpretation of conbined MOX and screen test
results.

After overnight incubation, FB can be examned for the
potential presence of L. monocytogenes either by visua
examnation of the broth for esculin hydrolysis (i.e.
darkening of the broth) or by application of an
alternative screening nethod (i.e. imunoassay, nucleic
aci d- based assay, etc.).

i For instructions on the potential applicability and

use of an alternative screening nethod, proceed to
Section 8. 35.
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ii. If an alternative screening nethod is not to be

applied, examne the 10 + 0.5-m FB aliquot after
26 + 2 h of incubation for darkening due to esculin
hydr ol ysi s.

1. If any degree of FB darkening is evident,

aseptically dispense 100 + 20 p{ of the FB
onto a MX plate. Swab or streak 25-40% of
the surface of the MOXX plate with the FB
inoculum Use a loop to streak for isolation
fromthe initial swab/streak quadrant onto the
remai nder of the plate. Incubate the MOX plate

at 35 + 2°C for a mninmumof 24 h. Proceed to
Section 8. 36.

2. If no FB darkening is evident, re-incubate the
FB at 35 + 2°C for an additional 17-25 h until

a total incubation tinme of 48 + 2 h has been
achi eved. Proceed to Section 8. 36.

8.35 Alternative rapid screening procedures (DAY 3, OPTIONAL)

Under sone circunstances, an alternative screening test system
(e.g. immunoassay, nucleic acid-based assay or other “rapid’
method) may be enployed instead of FB darkening for
determning the potential presence of L. monocytogenes. The
use of such a systemwoul d reduce the turnaround time required
for determning nost negative sanples by one day. An
al ternative screening procedure may be consi dered acceptabl e
for this application if the test system has been validated by
a multi-laboratory study to neet the foll owi ng conditions:

a. The validation study nust determne that the alternative
screen test is equivalent or superior to the FB
darkening test specified in Sections 8.34 and 8. 36.

b. It nust be validated using appropriate sanple nmatrices.

C. The test system nust be validated for specific use on
Day 3 (i.e. from overnight FB) wusing the UMFB
enrichnment schene delineated in this protocol. The
alternative test nust be applied on Day 3 to all FB.
Sampl e preparation pr ocedur es and i ncubati on

tenperature/ period paranmeters for primary enrichnent in
UVM nust not be altered.

d. FB nust be prepared, inoculated and incubated as
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The

specified in this protocol, wth the followng
excepti ons:

i Darkening of FB can interfere with the performance
and interpretation of many alternative screening
test systens. Therefore, FB that does not contain
ferric amonium citrate (i.e. FB-Fe; refer to
Listeria Media Appendix) is recomended for this
appl i cati on. Keep in mnd that FB-Fe is not
functi onal for visual examnation of esculin
hydrol ysis (i.e. darkening).

ii. Continued incubation of FB-Fe beyond the period
required for the alternative screen test systemis
not necessary.

iii. Total incubation time of FB-Fe or FB can be reduced
to a mninmm of 20 h to accomobdate an
appropriately val i dat ed alternative screeni ng
pr ocedur e.

use of an alternative screening procedure does not

preclude the need for examning the UWMstreaked MOX pl ate at
24 + 2 h. If the alternative screening test is negative, it
IS not necessary to re-incubate and re-examne the MOX plate
at 48 + 2 h. Both the alternative screen test result and the

UVM st reaked MOX plate result nust be considered to determ ne
the disposition of the sanple as foll ows:

a.

Screen (+) MOX (+): Proceed with followup of suspect
UVM streaked MOX colonies (i.e. subculture to HL plate
as per Section 8.37). Subculture FB-Fe or FB to MX
(Step 8.34-b-ii-1), incubate and fol |l ow up

Screen (+) MOX (-): Subculture FB-Fe or FB to MOX (Step
8.34-b-11-1), incubate and follow up. Re-i ncubate and
foll owup UM streaked MOX (Steps 8.34-a-ii and 8. 36-a).

Screen (=) MOX (+): Proceed with followup of suspect
MOX colonies (i.e. subculture to HL plate as per Section
8.37).

Screen () MOX (-): Report the sanple as L.
monocytogenes negati ve.
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NOTE:

USDA/FSIS does not promote, recommend or guarantee
the applicability of any specific commercial test
system proposed for the above use.

8.36 Interpretation of 48-h FB and other follow-up (DAY 4,
REQUIRED)

a.

Exam ne and sel ect suspect colonies from any MOX agar
plate pending analysis (i.e. MXX plates streaked from 26

+ 2 h FB and/or UVWM as described in Section 8. 33.

If an alternative screening test was not enployed and
non-darkened 26 + 2 h FB was re-incubated, re-examne the

FB for evidence of darkening after 48 + 2 h of tota
i ncubat i on.

i | f any degree of darkening is evident, swab, streak
and incubate a MOX plate as described in Section
8. 33.

ii. |If no darkening of FB is evident and no suspect MOX
and/or HL colonies have been denonstrated, the
sanpl e is considered negative for L. monocytogenes.

8.37 Isolation and purification procedures (AS EARLY AS DAY 3 OR AS
LATE AS DAY 6, REQUIRED)

a.

| f suspect colonies are present on MOX from any source
use a loop or equivalent sterile device to contact a
minimum of 20 of the suspect colonies and collectively
streak for isolation on one or nore HL agar plates.
Alternatively, a sw pe of suspect growh representing at
| east 20 colonies may be used. Incubate the streaked HL

at 35 + 2°C for 19 + 3 h.

After 19 + 3 h of incubation, examne the HL plate(s)
agai nst back light for translucent colonies surrounded
by a small zone of p-henolysis (i.e. clearing of the
bl ood) .

i If at |east one suspect colony is clearly isolated
(i.e. appears pure), proceed to confirmatory
testing (Section 8.4 below. Hold all HL plates
containing suspect colonies (room tenperature or
refrigeration) unti | confirmatory testing is
conpl et e.
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8.4

NOTE: In sanples containing mxed populations
of Listeria spp., L. i#nnocua can easily
overgrow L. monocytogenes as enrichnent
progresses (Petran and Swanson, 1992, and
Curiale and Lews,1994) and confound
isolation from FB. Therefore, if the
suspect HL colony or colonies have been
generated from followup of a UWM
streaked MOX plate, there is a high
probability of confirmation conpared to
followup of Listeria spp. from extended
enrichnment in FB

ii. If suspect <colonies or p-henolytic growh are
present on HL but not clearly isolated, re-streak
representative suspect colonies/growh onto one or
nore fresh HL plates and incubate as before.

NOTE: | sol ated MOX col oni es cannot be assuned
to be pure due to the highly selective
nature of the nmedium Therefore, MOX
col onies nmust be purified on HL prior to
i nocul ation of confirmatory test nedia.

iii. If no suspect isolates are present on HL, pursue
followup of MOX and/or HL isolates from other
branches of analysis (e.g. FB followup vs. UM
direct streak followup). If no branch of the
anal ysi s produces suspect p-henolytic colonies on
HL, the sanple may be reported as negative for L.
monocytogenes.

Confirmation and other identification procedures

Confirmatory identification of L. monocytogenes consists of
prelimnary confirmation tests (Section 8.41) followed by
bi ochem cal tests (Section 8.42). The CAMP test (Section
8.43) and genetic tests (Section 8.44) may be required in
certain circunstances. Al confirmatory identification tests
require a pure culture (Section 8.37). Refer to the attached
Diagram 2 for a flow di agram of confirnmatory procedures.
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8.41 Preliminary confirmation tests for Listeria spp.

a.

Inoculation of preliminary confirmation test media
(REQUIRED)

Use one isolated HL colony only to inoculate, in order
a BH broth aliquot and (optionally) a fresh HL plate to
confirm purity. In addition, nmedia required for
i nocul ation of biochemcal test systens (e.g. H., BH
agar, TSA-YE, TSA-SBA or equivalent as described in
Section 8.42) nust be inoculated fromthe same col ony or
grow h subcultured from that col ony. A mni mum of one
colony must be confirmed. |If the first selected suspect
HL colony does not confirm as L. monocytogenes,
confirmation nust be attenpted for additional suspect HL
colonies, if available, until at least three isolates
fromthe test portion have failed confirmation.

NOTE: Despite the fact that all suspect colonies on
HL may have an identical norphology, it is
critical that all confirmatory tests are
per f or med on grow h directly from or
subcultured from a single HL col ony. Thi s
will guarantee that all tests are perforned on
a single clone and that the integrity of that
clone can be nmintained for subt ypi ng
anal yses.

| ncubate BH broth at 18-25°C for 16-18 h. Proceed to
step 8.41 c.

| ncubate the HL purity streak plate at 35 + 1°C for 20 +
2 h. Proceed to Section 8.42.

Purity streak test (OPTIONAL IF SELECTED HL COLONY
APPEARS PURE)

Exam ne the re-streaked 20 + 2-h HL plate for consistent
nmor phol ogi cal characteristics. The colonies on this
second HL plate should represent a single clone. |[If the
culture appears to be mxed, repeat Steps 8.37 b-i
and/or 8.41 a. A pure culture is required for al
confirmatory tests.
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C. Tumbling motility test (REQUIRED)

After 16-18 h of incubation of BH broth at 18-25°C,

prepare a wet-mount (i.e. small drop of culture
sandw ched between a slide and cover slip). Using the
100X oil imersion objective (phase contrast m croscopy
recommended), examne the wet-nount culture for snall
rods t hat exhi bi t an active end- over - end
tunbling/rotating novenent characteristic of Listeria
spp.

i | f cel | nor phol ogy and motility are not

characteristic of Listeria spp., and the culture
appears pure, report the sanple as negative for L.

monocytogenes.

ii. If a mxture of typical Listeria cells and cells
that do not have the <characteristic Listeria
norphology (i.e. small rods) are present, streak a
| oopful of the contamnated BH broth onto fresh HL
agar for further purification (Step 8.37 b-ii).

iii. If no growh is evident at 16-18 h, re-incubate at

18-25°C until growh is evident or up to a total of
48 h.

iv. If cell norphology is typical, tunbling notility is
evident and the culture appears pure, proceed wth
bi ochem cal confirmation (Section 8.42 bel ow).

NOTE: The 18-25°C incubation tenperature for BH
broth is critical for denonstrating tunbling
motility. Listeria spp. nay produce fewer or
no flagella at higher incubation tenperatures.
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8.42 Biochemical tests (REQUIRED)

If the suspect culture is pure and denonstrates a cel
nor phol ogy and tunbling notility characteristic of Listeria
spp., confirmatory bi ochemcal tests nust be perforned. Either

of two comercially available test systens (MCRO|ID* Listeria
or api?-Listeria) or validated equival ent systens, including

wel | - est abl i shed schenes i nvol vi ng traditional t ube
bi ochemcal nedia (e.g. Conpendium of Mthods for the
M cr obi ol ogi cal Exam nat i on of Foaods, Bacteri ol ogi ca

Anal ytical Manual), nmay be enpl oyed.

a.  MICRO-ID? Listeria test system

i Fol | ow t he i nstructions provi ded by t he
manufacturer for inoculation and interpretation of
the test panel.

ii. TSA-YE, BH, TSA-SBA or HL agar inoculated and
i ncubated as described in Section 8.41 may be used
for preparing the inoculum suspension. Al growh
on the agar of choice nust represent the sane clone
(i.e. be a pure culture). Therefore, do not use an
HL plate inoculated froma mxed culture (e.g. from

MOX) .

iii. A CAW test (Section 8.43) nust be perfornmed to
augment M CRO- I D* results.

iv. At mninmum one L. monocytogenes positive contro
nmust be anal yzed concurrently with sanple isolates.

Each lot of MCROID* kits received nust be tested
for proper performance using L. monocytogenes, L.
innocua and L. seeligeri control cultures.

Exercise caution in interpreting the identification of
atypical Listeria spp. isolates when using the MCROID

Listeria system Be aware that rhamose-negative L.
monocytogenes do exist (Wednmann et al., 1997) as well as p-
henolytic L. innocua. Therefore, all p-henolytic CAMP-

positive Listeria spp. identified as L. innocua by M CRO|D
must be analyzed using a ribosomal RNA-based test system as
described in Section 8.44-a.

b. api®-Listeria test system
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i Fol | ow t he i nstructions provi ded by t he
manufacturer for inoculation and interpretation of
the test panel.

ii. TSA-YE, BH, TSA-SBA or HL agar nay be used for
preparing the inoculum suspension. Al growh on
the agar of choice nust represent the sanme clone
(i.e. be a pure culture). Therefore, do not use an
HL plate inoculated froma mxed culture (e.g. from

MOX) .

iii. Qultures identified by api? Listeria as “L.
monocytogenes/ innocua”(i.e. as opposed to either
individual identity) must be further characterized
using a ribosonal RNA- based test system as
described in Section 8.44-a.

iv. At mninmum one L. monocytogenes positive contro
nmust be anal yzed concurrently with sanple isolates.

Each lot of api? Listeria kits received must be

tested for pr oper per f or mance usi ng L.
monocytogenes, L. innocua and L. seeligeri contro
cul tures.

8.42 CAMP test (REQUIRED TO AUGMENT BIOCHEMICAL TESTING)

The CAWMP test is required to augnent traditional biochemca

or MCROID test results, or to resolve the henolytic
capability of indetermnate strains. Either of two test
options nmay be enpl oyed:

a. b-lysin CAMP factor test

This test system may provide results that are easy to
interpret conpared to the traditional CAW test.

Therefore, the p-lysin CAMP factor test is recomrended
over the traditional test.

i Aseptically place (i.e. with sterile forceps) a p-
lysin disc in the approximate center of a TS SBA

plate. A 9 + 1-m TS SBA plate is easier to
interpret than thicker plates and is recomended.
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Individually and aseptically streak four to eight
i sol ates each as straight lines radiating away from
the disc. The inoculation line should alnost but
not quite touch the disc. Be sure to include
positive and negative control cultures. A non-
henmolytic L. 1innocua IS an appropriate negative
control

| ncubate at 35 + 2°C for 24 + 2 h.

An arrowhead-shaped zone of p-henolysis (i.e.
clearing of the blood) surrounding the inoculum
line proximal to the disc indicates a positive CAWP
reaction. L. monocytogenes, L. seeligeri and L.
ivanovii are CAMP positive by this test. However ,

L. ivanovii denonstrates relatively intense p-
henol ysis distal to the disk and, therefore, can be
di stinguished from the other two species. Non-
henol yti c Listeria spp. are CAMVP negati ve.

|f a suspected p-henolytic Listeria spp. does not
produce a CAMP-positive reaction wth either

reference culture at 24 + 2 h, continue to incubate

the culture at 35 4+ 2°C until a total incubation
time of 48 + 2 h has been achi eved. Re- exam ne as
bef or e. If a CAMP-positive reaction is still not

evident at 48 + 2 h, ribosonmal RNA-based testing is
required to determne the genetic identity of the
isolate (Section 8.44 a).

b. Traditional CAMP test

If the CAMP test is necessary and p-lysin discs are not
avai l able, performthe follow ng test:

For the traditional «culture CAMP test, apply
single-line streaks of S. aureus (i.e. ATCC 4944 or
ATCC 25923) and R. equi (i.e. ATCC 6939) reference
cultures on a TS-SBA plate in parallel and 3-4 cm
apart.
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Vi .

Streak test cultures between and perpendicular to

the two reference cultures (i.e. like rungs of a
| adder) . The test culture streak nust be 2-4 mm
from each reference culture streak. Test and

refere_nce cul_tures must not touch or be cross-
contamnated i n any nmanner.

| ncubate 24 + 2 h at 35°C.

Examne the test culture streaks for enhanced p-
henolysis (i.e. clearing of the blood) at both ends

proximal to the reference cultures. The zone of
enhanced p-henolysis may resenble an arrowhead,
circle or rectangle. The presence of this zone
indicates a CAMP-positive reaction. Absence of
enhanced p-henolysis indicates a CAVP-negative
reaction. L. monocytogenes and L. seeligeri are
CAMVP-positive to the S. aureus reference strain and
CAVP-negative to R. equi. In contrast, L. ivanovii

is CAW-positive to the R. equi reference strain
and CAMP-negative to the S. aureus strains.

|f a suspected p-henolytic Listeria spp. does not
produce a CAMP-positive reaction wth either

reference culture at 24 + 2 h, continue to incubate
the culture at 35 4+ 2°C until a total incubation

time of 48 + 2 h has been achi eved. Re- exam ne as
bef ore.

If the culture does not produce a CAMP-positive
reaction wth the S. aureus culture, but has or
does clearly denonstrate p-henmolysis on HL agar,
ri bosonal RNA- based testing S required to
determne the genetic identity of the isolate
(Section 8.44 a).
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8.44 Genetic identification tests

a.

Ribosomal RNA-based tests (REQUIRED FOR  SUSPECTED
ATYPICAL L. MONOCYTOGENES)

A ribosomal RNA-based test is required to resolve the
identity of any suspected atypical L. monocytogenes
strain. In some circunstances, available phenotypic
tests cannot clearly distinguish strains of L.
monocytogenes from L. innocua. In particular, rhamose-
negati ve b- henol ytic L. monocytogenes can be
msidentified as L. innocua. The followng L.
monocytogenes-specific ribosomal RNA-based tests are
commerci al ly avail abl e:

. GenProbe AccuProbe® L. monocytogenes-specific test
or equi val ent

ii. GENE-TRAK* L. monocytogenes-specific test or
equi val ent

Follow the test kit instructions provided by the
manufacturer for performng and interpreting these
tests.

An L. monocytogenes positive control, L. innocua
negative control and uninoculated control nust Dbe
anal yzed concurrently wth sanple isolates. Peri odi c

testing of other Listeria spp. (e.g. L. seeligeri, L.
grayi) is recomrended.

A positive ribosonmal RNA-based test result from either
of the above test systens indicates that atypical
phenotypes are confirned L. monocytogenes. A negative
result indicates that atypical phenotypes are not L.

monocytogenes.
Pulsed-field gel electrophoresis (PFGE)

PFGE is a highly discrimnative and reliable neans of
subtypi ng L. monocytogenes strains. The pul sotype (i.e.
“genetic fingerprint”) derived from PFGE analysis is
used in tandem with epidemologic evidence to |link
clinical and food isolates inplicated in foodborne
illness. St andar di zed PFGE net hodol ogy (G aves, 1998)
and internet-based exchange of federal and state
| aboratory pulsotype data (i.e. PulseNet) facilitate
epi dem ol ogi ¢ and traceback investigations.
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8.45

8.5

8.51

Serological tests (OPTIONAL)

Serological testing may be enployed to further characterize
i solates already confirnmed to be L. monocytogenes. Listeria O
Type (i.e. somatic antigen) “1”, “4” and “poly” antisera are
available from D fco Laboratories (Becton-D ckinson and Co.).
The use of these antisera is described in the D fco Mnual

11'" Edition, pp.648-651.

Enumeration procedures

The estinmated nunber of L. monocytogenes per gram for a given
sanpl e can be determ ned by either of two enuneration methods:

Most Probable Number (MPN) enumeration method (RECOMMENDED FOR
ENUMERATION)

The MPN nethod is the nost sensitive of the two enuneration
met hod options and nust be used for determning counts of
sanples anticipated to be contamnated with 100 cfu L.
monocytogenes/ g or |ess. The MPN nethod generally requires
nore resources than the direct plating enuneration nethod.

a. Stomach or blend 25 + 1 g of sanple with 225 mi of UVM as
specified in Section 8. 32.

b. Dispense 10 + 0.5 m of the wundiluted UM sanple
honogenate into each of three sterile culture tubes.
Each tube represents a 1.0-g test portion.

C. Dispense 1 + 0.05 m of the wundiluted UM sanple
honogenate into each of three tubes containing 9-10 ni
of WM broth. Each tube represents a 0.1-g test
portion.

d. Dispense 0.1 + 0.005 m (i.e. 100 + 5 ) of the
undi l uted UYM sanpl e honogenate into each of three tubes
containing 9-10 m of UVM broth. Each tube represents a
0.01-g test portion.
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e. If an additional dilution is necessary, prepare two
successive ca. 1:10 dilutions (i.e. total dilution of
ca. 1:100) of the wundiluted UWWM sanple honobgenate in

fresh UM Dispense 1 + 0.05 m of the second dilution

(1:100) into a9 + 0.5 mM aliquot of WM Repeat for two
addi tional tubes representing a 0.001-g test portion.
For additional dilutions, prepare additional ca. 1:10
dilutions of the ca. 1:100 dilution above and dispense
as before.

f. | ncubate all nine UWM tubes and the remainder of the
undiluted UVM sanple honogenate (i.e. the qualitative
test) as specified in Section 8.32. Perform isolation
and identification of L. monocytogenes for each of the
ten individual test aliquots as specified in Sections
8.33 through 8.4. The followng procedures may be
enpl oyed to sinplify and expedite anal ysis:

i Direct streaking of WM MN tubes to MOX agar
(Section 8.33) may not be necessary under sone
ci rcunst ances. | f qualitative analysis was
performed on a given sanple prior to enuneration,
and direct plating of UWWMto MXX was necessary for
isolation of L. monocytogenes, direct plating of
UM is required for aly MPN t ubes. If qualitative
anal yses have not been perfornmed prior to
enuneration, direct plating is required for the
concurrent qualitative analysis only and is
optional for the U/WM MPN tubes. However, if direct
streaking of UWW is ultimately found to be
necessary for isolation of L. monocytogenes from
the sanple, the sanple should be re-enunerated by
MPN and direct streaking nust be performed from all
UVM MPN t ubes.

ii. An alternative screen test neeting the criteria
described in Section 8.35 may be applied to
determne FB/FB-Fe tubes that are negative from
those that are potentially positive and require
f ol | ow up.

iii. AS with the qualitative procedure, at |east one
colony nust be confirmed from three available
suspect isolates on the HL plate(s) representing
each positive FB in the MPN series, including that
from the wundiluted UVM sanple honobgenate. A
ri bosomal RNA-based test (Section 8.44) may be
enpl oyed to supplant biochemcal/CAMP testing and
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expedite confirmation of most isolates. However,
both bi ochem cal/CAVWP testing and ribosomal RNA-

based testing nust be wused in tandem to
characteri ze at least one suspect i solate
representing the highest dilution found to contain
suspects.

g. Record the nunber of tubes per dilution that were

ultimately found to be L. monocytogenes positive. Use a
3-tube MPN table (e.g. FSIS Mcrobiology Laboratory
Qui debook) to determne the estimated nunber of L.
monocytogenes per gram of product. |If all tubes are
negative but the undiluted UVM sanple honogenate (i.e.
the qualitative test) is positive, report the sanple as
positive at an enunerated level |ess than the | owest
val ue on the table.

8.52 Direct plating enumeration method

In sonme circunstances, direct plating of the UVYM honbgenate
onto MOX agar can be wused to estimate the nunber of L.
monocytogenes per gram of sanple. Direct plating generally
requires fewer resources than the MPN nethod and nmay expedite
guantitative analysis in sone circunstances. However, MOX
agar can inhibit the growth of non-enriched L. monocytogenes,
particularly sublethally injured cells. As a result, the
direct plating nethod is considerably |ess sensitive than the
MPN nethod and nmay underestimate the actual nunber of L.
monocytogenes in a sanple test portion. The direct plating
met hod should be applied only to the analysis of sanples
anticipated to contain high levels of L. monocytogenes (i.e.
100 cfu/g or greater).

a. Stomach or blend 25 + 1.0 g of sanple with 225 + 5 nm of
UV as specified in Section 8.32.

b. D spense and evenly distribute (i.e. wuse a “hockey
stick” or equivalent) 0.1 + 0.005 M (100 + 5 M) of the
UVM honogenate onto each of ten MOX plates. The sum of
the count of these plates represents a 0.1-g test
portion.

C. D spense and evenly distribute 0.1 + 0.005 M (100 + 5

m) of the WM sanple honogenate onto each of two MOX
pl ates. The average count of these two plates represents
a 0.01-g test portion.
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d. Using 10 + 0.2-m aliquots of WM prepare at |least two
successive ca. 1:10 dilutions of the UVMsanple
honobgenat e. D spense and distribute onto duplicate MOX
pl ates as described above. The average counts for each
plate pair for these two dilutions represents the 0.001-
g and 0.0001-g test portions.

e. I ncubate all MOX plates as described in Sections 8.34 a
and b.
f. Count the suspect colonies (i.e. surrounded by dark

zone) and calculate an average per plate for a given
plate dilution pair.

g. Purify and confirm a mninum of ten colonies per plate
dilution as specified in Sections 8.37 through 8.4. As
with the qualitative procedure, at |east one col ony nust
be confirmed from three available suspect isolates on
the HL plate(s) representing ten suspect colonies on the
MOX dilution pair. A ribosomal RNA-based test (Section
8.44) may be enployed to supplant biochem cal/ CAW
testing and expedite confirmation of most isolates.
However, both biochemcal/CAMP testing and ribosonal
RNA- based testing nust be used in tandemto characterize
at least one suspect isolate representing the highest
MOX plate dilution found to contain suspects.

h. For the 0.1-g test portion, multiply the nunber of MOX
colonies confirmed to be L. monocytogenes-positive by
the dilution factor and the total number of equivalent
colonies on all ten plates to determne the estinated
count. For the 0.01-g and nore dilute test portions,
multiply the nunmber of MOX colonies confirned to be L.
monocytogenes-positive by the dilution factor and the
average number of equivalent colonies per plate to
determne the estimated count. The count from the
dilution found to <contain 25-250 L. monocytogenes
colonies, if available, should be used for estimating
the count per gram of sanple. Successive dilutions
found to be within this range shoul d be averaged.
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8.6 Quality control procedures

The correct performance of all stages of the analysis, including
enrichment, screening tests, plating and all confirmatory tests,
nmust be verified through the use of appropriate controls.

a. For enrichment, screening, plating and verification of
tunbling notility, control cultures nust be transferred
fromone nediumto the next in the sequence of analysis
used for the sanples. For these stages of analysis, the
followi ng requirenents apply:

i If FB darkening or an alternative screen test for
Listeria spp. is enployed, one L. monocytogenes
positive control and one uni nocul ated nedia control
are required for each set of concurrently analyzed
sanpl es.

ii. If an L. monocytogenes-specific alternative screen
test is enployed, one L. monocytogenes positive
control, one L. innocua negative control and one
uni nocul ated nedia control are required for each
set of concurrently anal yzed sanpl es.

iii. For the uninoculated control, use a 225-m aliquot

of UVM broth. For all subsequent wuninocul ated
control tests, use one unit of the nmedium at the
volune specified for the test. I nvestigate the
source of any contam nating organi sns.
b. Specific control requirenents for each confirmatory test
are addressed in the appropriate sections of this
pr ot ocol .
C. Additional (i.e. secondary) control <cultures may be

enpl oyed for individual tests or the entire sequence of
analysis at the discretion of the |aboratory.

d. Every lot or batch of nedia should be tested with at
| east one culture of L. monocytogenes. Every lot or
batch of HL agar nust be tested wth at |east one L.
monocytogenes positive control and a non-henolytic L.
innocua negative control.

e. L. monocytogenes and L. innocua control culture inocula
are prepared and used as deenmed appropriate for the
media to be tested. Ideally, an enpirically determ ned

standardi zed quantity of inoculum should be enpl oyed.
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8.7 Safety procedures

a.

Laboratory personnel nust abide by CDC guidelines for
mani pul ating Biosafety Cass |l pathogens. A dass |1
lamnar flow biosafety cabinet 1is recommended for
activities with potenti al for aerosol i zation of
pat hogens.

Pr egnant wonen and potentially i mmunoconprom sed
i ndividuals nust be prohibited from | aboratory roons or
areas where L. monocytogenes isolation or identification
procedures are in progress. Al though a properly
sanitized laboratory area should not har bor L.
monocytogenes or ot her pathogens, supervisors should use
their own discretion in allow ng high-risk individuals
into these areas when not in use for these activities.

8.8 Culture storage and shipment procedures

a.

BH or TSA-YE slants may be used for short-term storage
of Listeria spp. The culture should be stabbed into the
agar using an inocul ating needle. Tubes should be seal ed

with Parafilnt or equivalent to prevent desiccation and

stored at 4 + 2°C. Under these conditions, Listeria spp.
can renmain viable for many nonths.

For long-term storage (i.e. for nore than one year) or
to assure that the genetic character of the strain does
not change over tine (e.g. lose plasmds or other
unst abl e genetic el enent s), cul tures shoul d be
| yophilized and/or frozen at —-20 to -80°C Fetal calf
serum or comercially available cryobead products are
appropriate nedia for frozen storage of Listeria spp.
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Diagram 1 Flow diagram for Listeria monocytogenes analysis, ML G Chapter 8, Revision 2 (11/08/99)

DAY 1 UVM/sample homogenate
DAY 2 MOX / \ FB or FB-Fe
optional .- if no alternative screen test
¢ no (optional) e
DAY 3 suspects? P alternative 4 darkened FB? (26h)
V no screen test yes m
\ neg pN / reincubate FB
HL reincubate MOX L MOX
sample
negative
no* no*
DAY 4 suspects? ——p suspects? » suspects? darkened FB? (48h)
yes / AV no / no
A/ yes L ¢
confirm** HL HL reincubate MOX sample
negative
¢ no* i o* L no* ¢
DAY 5 suspects? P suspects? <—> suspects? 4—» suspects?
yes / go
! =
confirm** reincubate MOX
¢ .l !
DAY 6 suspects’? <4—» suspects? suspects?
* Suspects must also be absent from other branches of \ / / iyes
analysis before the sample is considered negative. sample sample
** Confirmation generally requires 2-3 additional days. negative confirm** negative HL then confirm***

*** Requires 1-4 additional days of analysis.



Diagram 2

DAY 4-7

DAY 5-8

DAY 6-10*

Flow diagram for confirmation of Listeria monocytogenes, ML G Chapter 8, Revision 2 (11/08/99)

isolated single suspect colony on HL agar plate

4/\

BHI broth fresh HL

anubate mcubate
no growth? yes no

reincubate €4——— tumbling > pure culture’)—V restreak

up to 48 h —» motility? on HL
total growth? #no
report sample
as negative
CAMP+

TS-SBA for CAMP ———» MICRO-ID api-Listeria

CAMP -

re-evaluate
after 48 h

v
ID = L. monocytogenes L. innocua or L. monocytogenes/innocua L. seeligeri or other

incubation Tk e
report confirmed <«——— Lm-specific P report sample
L. monocytogenes positive  ribosomal negative as negative
RNA test **

* The most likely time frame for completion of analysis.
** . monocytogenes -specific ribosomal RNA-based test may optionally be applied to the confirmation of all isolates.
It may be performed prior, concurrent or subsequent to biochemical and CAMP testing.
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Listeria Media Appendix for Chapter 8, Revision 2 (11/08/99)

The ingredients and the chemcals used for preparing nedia for
Listeria monocytogenes may be the product of any manufacturer if

conparative tests show satisfactory results. The carbohydrates
(sugars) should be chemcally pure and suitable for biological
use; inorganic chemcals used as reagents should be Anerican

Chem cal Society (ACS) grade; and dyes nust be certified by the
"Bi ol ogi cal Stain Conm ssion" for use in nedia.

For conveni ence, dehydrated nedia or conmmercially prepared broths
and plates of any brand equivalent to the formulati on may be used.
Be sure that the formulation of the commercially avail able nedi um
is identical or has been appropriately validated as equivalent to
the formul ation specified bel ow Each batch of nedia should be
tested for sterility and ability to support growh of positive and
negative control organisns.

Hydrogen ion concentration (pH of nedia should be determ ned
using an electronic pH nmeter which is standardi zed agai nst known
buffers, prepared according to the Oficial Mthods of Analysis of
the Association of Oficial Analytical Chemsts (16th Edition).
| f necessary the pH of a nedi um shoul d be adjusted by addi ng
sufficient 1 N sodi um hydroxide or 1 N hydrochloric acid.

The percent solutions specified in this appendix are weight of
solid to volume of diluent. For the dilute stock solutions
specified in this appendi x, a percent solution may be prepared by
either of the follow ng approaches (A 1% solution is used as an
exanpl e) :

a.)Dissolve 1 gramof solid into less than 100 m of water
then gs to 100 m in a volunetric fl ask.

b.) Dissolve 1 gramof solid into 100 m of water

Unl ess otherw se indicated, a nedium should be sterilized by steam
under pressure at 121°C (15 I b.) for 15 m nutes.
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BRAIN HEART INFUSION (BHI) AGAR

Calf Brain (infusion from 200.0 ¢
Beef Heart (infusion from 250.0 ¢
Pr ot eose peptone or gel ysate 10.0 ¢
NaCl 5.0 g
Na,HPO4 2.5¢g
Dextrose 2.0 ¢
Agar 15.0 g
Dstilled water 1.0 L

Dissolve ingredients in distilled water by heating to
boiling. D spense as desired and autoclave at 121°C for
15 mnutes. Final pH7.4 £ 0.2.

BRAIN HEART INFUSION (BHI) BROTH
Prepare sane as above except omt the 15.0 g agar.
Dispense 5 mM in screw capped tubes and autoclave at

121°C for 15 mnutes. Final pH 7.4 £ 0.2.

DEY-ENGLEY NEUTRALIZING BROTH (D/E)

Trypt one 5.0 9
Yeast Extract 2.5¢
Dextrose 10.0 g
Sodi um Thi ogl ycol | ate 1.0 g
Sodi um Thi osul fate 6.0 g
SodiumBisulfite 2.5¢
Pol ysor bate 80 5.0 ¢
Lecithin (Soy Bean) 7.0 9
Brom Cresol Purple 0.02 g
Dstilled water 1.0 L

Adjust to a final pHof 7.6 £ 0.2 at 25°C
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FRASER BROTH (FB)

This fornmulation contains 20 ng/L nalidixic acid and 25
mg/ L acrifl avine

Pr ot eose Pept one 5.0 ¢
Trypt one 5.0 g
Lab Lento Powder (Oxoi d) 5.0 ¢
Yeast Extract 5.0 ¢
Nad 20.0 g
KHPQ, 1.35 g
Na,HPQ 12.0 ¢
Esculin 1.0 g
Nal adi xic Acid (2% in 0.1 M NaCH) 1.0 m
Li t hi um Chl ori de 3.0 g
Dstilled water 1.0 L

Mx well to resuspend the nedia and di spense 10 =+ 0.5 ni
into tubes. Sterilize at 121°C for 15 mnutes. DO NOT
OVERHEAT, COOL AT ONCE AFTER REMOVAL FROM THE
STERI LI ZER Store in the refrigerator. Just before

use, add 100 m of 2.5 ng/m of filter sterilized
acriflavine (Sigma) and 0.1 m filter sterilized 5%
stock solution of ferric amonium citrate (Sigma) in
distilled water to each 10 m tube.

The follow ng alternatives may be enpl oyed:

a.) Rather than dispense acriflavine solution into
i ndi vidual tubes, 25 ng/L of acriflavine HO nmay be
i ncorporated into the nmedium prior to autoclaving.

b.) FB may be prepared fromcomrercially avail abl e U/ML
by addi ng appropriate anounts of |ithium chloride,
acriflavine and ferric amoniumcitrate.

FRASER BROTH MINUS FERRIC AMMONIUM CITRATE (FB-Fe)

Prepare Fraser Broth as described above but do not add
ferric amoniumcitrate sol ution.
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HORSE BLOOD OVERLAY MEDIUM (HL, HBO)

Base Layer:

Col unbi a Bl ood Agar Base 1.0 L

Prepare according to manufacturer's specifications and
sterilize at 121°C for 15 minutes. Pour 10 m per 100

mm di aneter Petri dish. Allow to solidify and while
still warm overlay wth bl ood agar as descri bed bel ow
Top Layer:

Add 4% sterile horse blood to a portion of nelted
Col unbi a Bl ood Agar Base which has been cooled to 46°C
Stir or swrl to mx evenly. Quickly place 5 or 6 m on
top of the base layer and tilt the plates to spread top
| ayer evenly. Store plates in the refrigerator. D scard
any pl ates whi ch becone di scol ored.

LISTERIA REPAIR BROTH (LRB)

a.) Add 0.30 g of FeSQy per liter of deionized water
and allow to dissol ve.

b.) Add and di ssolve, while heating, the follow ng
conponent s:

30.0 g/L Trypticase Soy Broth

5.0 g/L glucose

6.0 g/L yeast extract

8.5 g/L MOPS, free acid (4-

nmor phol i nepr opanesul foni ¢ aci d)

13.7 g/L MOPS, sodium salt nonohydrate (4-
nmor phol i nepropanesul fonic acid, sodiumsalt)

c.) After all the above conponents have dissol ved
conpletely, add 2.46 g/L MySQ.

d.) Alowthe solution to come to a boil.

e.) Renove fromheat and slowy add 10.0 g/L sodi um
pyruvat e.

f.) D spense into 225 nml aliquots and autocl ave 15
m nutes at 121°C/ 15 psi .

g.) Alowto cool before use.

h.) Follow ng non-selective enrichnment for 3-5 h, add
the followng antibiotics per 225 ml aliquot:
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0.445 m of 1.0% solution of Acriflavine

1.8 mM of 0.5%solution of Nalidixic Acid

1.15 mM of 1.0% solution of Cycloheximde (in 40%
Et hanol )

MODIFIED OXFORD MEDIUM (MOX)

MOX Agar Base:

Col unbi a Bl ood Agar Base 39-44.0-¢g
(dependi ng on brand)

Agar 2.0¢
Esculin 1.0 g
Ferric Ammonium Citrate 0.5¢g
Li t hium Chl oride (Si gna LO505) 15.0 g
1% Col i stin Solution 1.0 n
Distilled water 1.0 L

Rehydrate commercial Colunbia Blood Agar Base wth
constant stirring using a nmagnetic mxer and adjust pH
to 7.2, if necessary. Autoclave this base at 121°C for
10 mnutes, mx again, and cool rapidly to 46°C in a
water bath. Add 2 ml of 1% filter sterilized Mxal actam
Solution to nmake the conplete MOX nmedium mx well, and
pour 12 m per plate.

CAUTION: If preparing MOX from a commercial premix, take
care to select the correct antibiotic supplement.

1% Colistin Solution:

Colistin, Methane Sulfonate (Signma C1511)

1.0 g
0.1 M Pot assi um Phosphate Buffer, pH 6.0 100.0

m

Colistin solution is not sterile; store frozen in small
aliquots (3-5 m) at -20°C or bel ow

1% Moxalactam Solution:

Sodi um (or Ammoni um) Moxal actam (Signma ML900) 1.0 g
0.1 M Pot assi um Phosphate Buffer, pH 6.0 100.0 m

D ssolve, sterilize by filtration, dispense in 2 ni
guantities and store in freezer at -20°C or bel ow.
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MODIFIED UVM BROTH (UVM, UVM1)

This fornmulation contains 20 ng/L nalidixic acid and 12
mg/ L acrifl avine.

Pr ot eose Pept one

Trypt one

Lab Lento Powder (Oxoi d)
Yeast Extract

Nad

KH PO,

Na, HPQ,

Esculin

Nal adi xic Acid (2% in 0.1 M NaCH)
Acriflavine HC
Distilled water

N
BENEREDMEOOOOO
Coocoowooooo

[ —

Sterilize at 121°C for 15 m nutes. DO NOT OVERHEAT;
COOL AT ONCE AFTER REMOVAL FROM THE STERILIZER. | F THE
MEDI UM BLACKENS OR DARKENS, | T HAS BEEN OVERHEATED AND
MUST BE DI SCARDED. Store in the refrigerator.

TRYPTICASE SOY AGAR-YEAST EXTRACT (TSA-YE)

Trypti case 15.0 ¢
Phyt one 5.0 ¢
Sodi um Chl ori de 5.0 g
Yeast Extract 6.0 g
Agar 15.0 g
Dstilled water 1.0 L

Suspend the above ingredients in distilled water and
dissolve completely by heating to boiling while
stirring. Autocl ave for 15 mnutes at 121°C Tenper
the nedium to 45 - 50°C and pour into sterile Petri
dishes. Alternatively, TSA-YE may be prepared as slants
for short termstorage of Listeria spp.
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TRYPTICASE SOY-SHEEP BLOOD AGAR (TS-SBA, CAMP agar)

Trypti case 15.0 ¢
Phyt one 5.0 ¢
Sodi um Chl ori de 5.0 g
Agar 15.0 g
Dstilled Water 1.0 L

Suspend the above ingredients in distilled water and
dissolve completely by heating to boiling while

stirring. Autocl ave for 15 mnutes at 121°C Cool to

ca. 50°C, then add 50 ni of tenpered sterile
defibrinated sheep blood and swirl gently until evenly

distributed in the nedium Avoid bubble formation.
D spense 8- 15 m into each petri di sh for
solidification. To facilitate interpretation of the

CAMP test, 8-10 m (1.e. “shallow’) plates are
recomended.



